Historical Aspects of Pleuroparenchymal Fibroelastosis
======================================================

By the time of its formal recognition as a rare idiopathic interstitial pneumonia (IIP) in 2013, the term "idiopathic pleuroparenchymal fibroelastosis" (iPPFE) had been in use for nearly a decade, and the clinical entity that it described had been acknowledged for at least 20 years ([@bib1]--[@bib3]). The first five cases formally labeled as "pleuroparenchymal fibroelastosis" (PPFE) shared a pattern of chronic interstitial and pleural fibrosis that did not fit within other categories of IIP ([@bib2]). Instead, they were descriptively similar to historical cases of pulmonary upper lobe fibrosis (PULF) and contemporaneous cases of idiopathic upper lobe fibrosis, the vast majority of which had been reported from Japan ([@bib1], [@bib4]--[@bib8]). Amitani and colleagues' report of PULF included historical examination of lung tissue from biopsies and autopsy, but interpretation of radiological imaging was limited to plain chest radiography ([@bib1]). However, PULF and PPFE do appear to be the same disease ([@bib4], [@bib6], [@bib9]). Differences in described clinical characteristics and longitudinal disease behavior between the Asian and Western cases may partly relate to disparities in case ascertainment, although variations in disease-associated factors (e.g., pathogenetic mechanisms) cannot be excluded. Such differences have not been easy to delineate, partly because the term "PULF" is no longer in common use but also because published studies of PPFE, owing to its rarity, have been limited to relatively small case numbers.

Incidence and Prevalence
========================

The true incidence and prevalence of PPFE are not known, owing to uncertainties in its detection, misdiagnosis, and the absence of agreed criteria for its identification. In general, the frequency of finding PPFE in individuals referred for investigation of an interstitial lung disease (ILD) is less than among patients who are awaiting lung transplant.

In one study, 5.9% of 205 biopsied cases from a total pool of 1,622 patients undergoing an ILD workup were ultimately diagnosed with PPFE ([@bib9]). iPPFE also formed 7.7% of consecutive cases of IIP referred to a single tertiary center over a 10-year period ([@bib10]). In comparison, one-fourth of 118 patients with fibrotic ILD who were listed for lung transplant over a 5-year period had radiological changes consistent with PPFE in addition to their principal ILD ([@bib11]).

Information on the prevalence of PPFE developing after transplant is sparse. Data from a single institutional registry spanning a 9-year period showed that 7.5% and 0.28% of 53 lung and 700 bone marrow transplant recipients, respectively, developed PPFE ([@bib12]). An earlier study had reported a 2% rate of post--lung transplant upper lobe fibrosis that met a definition of chronic lung allograft dysfunction, which shares key histological similarities with PPFE ([@bib13]).

Pathogenesis of PPFE
====================

It has been suggested that acute or subacute lung injury, including diffuse alveolar damage, causing exuberant interstitial inflammation is central to the pathological cascade that culminates in PPFE ([@bib14]). However, the exact nature of the injurious stimuli involved in triggering this process remains unknown. The presence of diffuse alveolar damage has also been reported in the setting of post-transplant PPFE ([@bib15]). Failure of parenchymal lung injury to adequately resolve risks promoting aberrant tissue repair, which can leave behind dense and permanent obliterative fibroelastosis and atelectasis that ultimately contribute to the development of PPFE ([@bib16]). PPFE and alveolar fibroelastosis developing in post-transplant restrictive allograft syndrome (RAS) have common pathological and gene profile characteristics ([@bib15], [@bib17], [@bib18]). The reasons why such injuries should produce chronic well-demarcated and predominantly subpleural elastin-rich fibrotic abnormalities remain unexplained.

Disease Associations of Nonidiopathic PPFE
==========================================

A number of potential initiating factors for PPFE have been reported, the commonest of which are bone marrow and hematopoietic stem cell transplant as well as lung transplant ([@bib13], [@bib17], [@bib19], [@bib20]). A history of chemotherapy treatment, autoimmune or connective tissue disease, acute lung injury particularly with infective complications, chronic hypersensitivity pneumonitis (HP), and occupational exposure to asbestos and aluminum have also been associated with PPFE ([@bib21]--[@bib26]) ([Table 1](#tbl1){ref-type="table"}).

###### 

Initiating, underlying, and other disease-associated factors of pleuroparenchymal fibroelastosis

  Type of PPFE                                                                                                                                                                                         References
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------
  Idiopathic PPFE                                                                                                                                                                                            
  Nonidiopathic PPFE                                                                                                                                                                                         
   As a form of restrictive allograft syndrome complicating lung, bone marrow, and hematopoietic stem cell transplant (also known as "restrictive chronic allograft dysfunction")        [@bib12], [@bib13], [@bib17], [@bib20]
   Fibrotic interstitial lung disease (e.g., usual interstitial pneumonia, hypersensitivity pneumonitis)                                                                                 [@bib23], [@bib27], [@bib31], [@bib32]
   Chronic or recurrent bronchopulmonary infection (e.g., *Aspergillus*, nontuberculous mycobacteria)                                                                                [@bib1], [@bib26], [@bib27], [@bib29], [@bib30]
   Autoimmune or connective tissue disease (e.g., scleroderma, rheumatoid arthritis, inflammatory bowel disease)                                                                                   [@bib22], [@bib27]
   Familial history of pulmonary fibrosis                                                                                                                                            [@bib1], [@bib2], [@bib34], [@bib35], [@bib36]
   Short telomere lengths resulting from mutations of genes encoding the telomerase complex                                                                                                        [@bib35], [@bib36]
   Anticancer/cytotoxic chemotherapy (e.g., cyclophosphamide and carmustine) and radiation therapy                                                                                                 [@bib21], [@bib45]
   Occupational dust inhalation (e.g., asbestos and aluminum)                                                                                                                                      [@bib24], [@bib25]

*Definition of abbreviation*: PPFE = pleuroparenchymal fibroelastosis.

A history of pulmonary infections is frequently encountered in individuals with PPFE ([@bib26], [@bib27]). Historical studies of PULF and more recent reports using the diagnostic label of PPFE have highlighted the presence of *Aspergillus*, although the frequency of clinically significant aspergillosis has not been determined ([@bib1], [@bib7], [@bib28], [@bib29]). Reddy and colleagues reported recurrent pulmonary infection, attributed to different potential pathogens, in over half of their cases of PPFE ([@bib27]). Elevated titers of IgG antibody against *Aspergillus* and isolation of nontuberculous mycobacteria have also been reported during the disease course of patients with PPFE ([@bib30]). Thus, although the role of infection in the pathogenesis of PPFE remains unclear, progression of mild to more extensive disease, including the formation of upper lobe fibrocystic changes, is often accompanied by evidence of severe or repeated bronchopulmonary infection.

The commonest pattern of fibrotic ILD to coexist with PPFE is usual interstitial pneumonia (UIP), reported in one-fourth to one-half of cases ([@bib27], [@bib31], [@bib32]). Coexistent UIP or even nonspecific interstitial pneumonia (NSIP) occurs most frequently in the lower lobes, away from the main areas of PPFE, but in common with the latter, each pattern will typically progress over time ([@bib6], [@bib32]). PPFE has also been reported in patients diagnosed with chronic HP ([@bib23], [@bib27]). The development of PPFE has not been linked to cigarette smoking or specific immunodeficiency states ([@bib6], [@bib11], [@bib33]).

Familial and Genetic Associations of PPFE
=========================================

A history of familial pulmonary fibrosis is often elicited from individuals with PPFE or bilateral upper lobe pleuroparenchymal fibrosis ([@bib1], [@bib2], [@bib34], [@bib35]). The presence of a familial link among these patients has been reported in up to 57% of cases ([@bib2], [@bib7], [@bib36]).

Genetic mutations may be detected in patients with PPFE even when a family history of lung disease is absent. Profiling of genes that are involved in maintaining telomere integrity and telomerase function, including *TERT* (telomerase reverse transcriptase) and *TERC* (telomerase RNA component), has revealed a link between clinically significant pathological variants and abnormally shortened telomeres in PPFE ([@bib35]). Furthermore, the presence of such mutations has been strongly associated with a progressive disease phenotype similar to that observed in UIP. *TERT* and *TERC* mutations have also been reported in half of a cohort of patients with PPFE, most of whom were female and had a low body mass index (BMI) ([@bib36]).

Clinical Features of PPFE
=========================

PPFE has been reported in children and the elderly, but most patients present between 40 and 70 years of age. A review of 78 cases from different series published up to 2013 revealed a bimodal age distribution ranging from 13 to 85, with a mean age of 49 years ([@bib33]). The majority were labeled as PULF rather than PPFE, and a sizable number developed PPFE after transplant rather than as an idiopathic entity. Younger patients were overall more likely to be female, particularly in the nontransplant setting. Female preponderance was also observed in two recent reports, including a genetic study of telomere gene mutations ([@bib10], [@bib35]). By contrast, other contemporaneous reports have not identified a clear sex difference ([@bib11], [@bib24], [@bib37]). Male preponderance of PPFE has rarely been reported ([@bib12]).

The duration of symptoms before presentation varies from 6 to 24 months. The commonest of these are progressive breathlessness and cough; nonspecific chest discomfort and pleuritic pain are reported, but persisting pain is unusual in the absence of pneumothorax. Progressive weight loss is frequently reported during the disease course and may raise the possibility of an intercurrent infection or occult malignancy. Apart from one report, most of the information on low BMI in PPFE has come from Japanese studies ([@bib14], [@bib32], [@bib36], [@bib38], [@bib39]).

Auscultatory findings may be normal because inspiratory crackles or squawks are detected only when the PPFE has extended outside the upper zones or when there is coexistent UIP, NSIP, or HP. Clubbing of the fingers is uncommon.

A significant proportion of patients with PPFE develop platythorax as a result of marked upper lobe volume contraction in conjunction with reduced chest wall bulk associated with weight loss. This causes the anteroposterior thoracic depth to decrease and produces flattening of the frontal chest aspect ([@bib40], [@bib41]). In some individuals, the suprasternal notch deepens considerably and becomes highly noticeable clinically and radiologically ([Figure 1](#fig1){ref-type="fig"}).

![(*A*) Deepened suprasternal notch in a patient with pleuroparenchymal fibroelastosis. (*B*) Computed tomography of the same patient at the level of the lung apices demonstrating a prominent suprasternal notch, anteroposterior flattening of the thorax, and retraction of the trachea so that its posterior margin "overlaps" with the anterior border of the adjacent vertebra.](AnnalsATS.201902-181CME_f1){#fig1}

Establishing a Diagnosis
========================

The main diagnostic differentials for PPFE include conditions associated with upper lobe disease, including HP, sarcoidosis, IIP with extension of disease to the upper zones (including UIP), atypical including nontuberculous mycobacterial infection, post--lung injury remodeling, pneumoconiosis, malignancy, and apical pleural cap. Criteria for diagnosing PPFE incorporating computed tomography (CT) and histopathology were first proposed in 2012 by Reddy and colleagues, who subcategorized cases as "definite," "consistent with" PPFE, or "inconsistent with" PPFE on the basis of earlier histological descriptions from small case series ([@bib2], [@bib9], [@bib31]) ([Table 2](#tbl2){ref-type="table"}). Additional albeit more condensed pathological criteria have subsequently been suggested ([@bib42]). In practice, a diagnosis of PPFE should ideally be reached after multidisciplinary consideration of clinical; radiological; and, when available, pathological information. Surgical biopsy is often avoided because of a recognized risk of complications such as iatrogenic pneumothorax, pneumomediastinum, or the development of a bronchopleural fistula that could cause a protracted "air leak" ([@bib9], [@bib43]).

###### 

Proposed diagnostic criteria for pleuroparenchymal fibroelastosis

  Category                                                                                              Histopathology                                                                                                                                                       High-Resolution Computed Tomography
  ------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Definite PPFE                                           Upper zone pleural fibrosis with subjacent intraalveolar fibrosis accompanied by alveolar septal elastosis                                                        Pleural thickening with associated subpleural fibrosis concentrated in the upper lobes with less marked or no lower lobe involvement
  Consistent with PPFE      Intraalveolar fibrosis present but *1*) not accompanied by significant pleural fibrosis, *2*) not predominantly subpleural, or *3*) not present in an upper lobe biopsy   Upper lobe pleural thickening with associated subpleural fibrosis but *1*) distribution not concentrated in the upper lobes or *2*) with features of coexistent disease elsewhere
  Inconsistent with PPFE                                                 Absence of features in "definite PPFE" and "consistent with PPFE" categories                                                                                                   Absence of features in "definite PPFE" and "consistent with PPFE" categories

*Definition of abbreviation*: PPFE = pleuroparenchymal fibroelastosis.

Reprinted by permission from Reference [@bib27].

Laboratory Tests
================

There are no diagnostic laboratory tests for PPFE *per se*. Variably elevated levels of circulating KL-6 (Kerbs von Lungren 6 antigen) and SP-D (surfactant protein D) in affected individuals have been reported, but their clinical significance is unclear ([@bib6], [@bib14], [@bib38]). Serum autoantibodies, including rheumatoid factor and myeloperoxidase--antineutrophil cytoplasmic antibody, have also been reported ([@bib2], [@bib25], [@bib38], [@bib44]). In patients with a separate underlying connective tissue disease, serological abnormalities may simply reflect the dysregulated immunity inherent to their connective tissue disease. Similarly, detection of elevated IgG antibodies against fungi (principally *Aspergillus*) may reflect colonization or opportunistic infection rather than indicate a direct pathogenic role. Elevated levels of urinary desmosine have been reported in a preliminary study of individuals with biopsy-proven PPFE compared with patients with idiopathic pulmonary fibrosis, patients with chronic obstructive pulmonary disease, and healthy control subjects, suggesting its potential utility as a noninvasive diagnostic marker in suspected but unbiopsied cases of PPFE ([@bib43]). It remains to be seen if any of these biological markers will ultimately be validated for clinical application.

Radiological Imaging of PPFE
============================

Descriptions of a plain radiographic profile that bore more than a passing resemblance to PPFE emerged in the 1970s ([@bib45], [@bib46]). Later, in 2004, Frankel and colleagues, in proposing the term "PPFE," described its characteristic manifestations of bilateral upper zone pleural thickening and lobar volume loss ([@bib2]). Their observation that radiographic changes could be progressive was confirmed in subsequent studies ([@bib26], [@bib42], [@bib47]). Patients with recurrent pneumothoraces and an unusual form of parenchymal fibrosis complicating allogeneic bone marrow transplant were also identified before the formal adoption of the term "PPFE," ahead of subsequent recognition of a pathological link to the disease ([@bib17], [@bib48]). As a differential diagnosis, apical "pleural caps" occur more frequently in older individuals, rarely progress, and are typically restricted to the uppermost 5 mm of each hemithorax ([@bib49]) ([Figure 2D](#fig2){ref-type="fig"}). The pleural thickening in PPFE, in contrast, is variable in magnitude, occasionally asymmetric, and may extend for some distance caudally ([@bib2]).

![(*A*) Computed tomography (CT) through the lung apices demonstrating classical features of pleuroparenchymal fibroelastosis (PPFE), including pleural thickening, subpleural consolidation with coarse reticulation, and striking traction bronchiolectasis/bronchiectasis. (*B*) Coronal reconstruction of the same study as in *A* showing bilateral upper zone PPFE that extends caudally to the level of the fourth rib in the right hemithorax (arrowhead). Marked volume loss can be judged by elevation of the interlobar fissures (arrows). (*C*) Unequivocal progression of PPFE evident on a follow-up CT scan 2 years later. (*D*) Coronal CT image of bilateral apical pleural caps, more prominent on the right (arrow).](AnnalsATS.201902-181CME_f2){#fig2}

The principal and ancillary CT findings of PPFE have been highlighted in multiple studies ([@bib17], [@bib27], [@bib38], [@bib47], [@bib48], [@bib50]). For diagnostic purposes, cases should be examined using both standard axial and coronal reconstruction images ([Figure 2](#fig2){ref-type="fig"}). Reddy and coworkers proposed CT criteria for "definite" PPFE, including upper lobe pleural thickening with subpleural fibrosis and limited, if any, lower lobe involvement ([@bib27]). Tractional distortion of the airways within areas of PPFE is common, reflecting the dense surrounding fibrosis of the disease ([@bib38], [@bib47], [@bib48]). The presence of "free-standing" bronchiectasis and mosaic attenuation of the lung parenchyma has also been reported ([@bib12], [@bib15], [@bib17], [@bib51]). Overt lung fibrosis of varying patterns can coexist with PPFE, most frequently UIP, NSIP, or HP ([@bib9], [@bib23], [@bib27], [@bib31], [@bib32]). PPFE manifesting as a hypermetabolic lung nodule in conjunction with more usual appearances of biapical fibroelastosis has also been reported ([@bib52]). Whether this represents another rare variant of PPFE remains unclear.

Anteroposterior flattening of the chest, or platythorax, occurs commonly in PPFE ([@bib50]) and has been correlated with decreased BMI, suggesting its potential role as a surrogate marker of weight loss in PPFE ([@bib29], [@bib38], [@bib50]). Two other observations associated with platythorax but hitherto not reported bear mentioning: *1*) "overlapping" of the posterior tracheal border and spine (a consequence of reduced anteroposterior thoracic depth) and *2*) the appearance of a deep suprasternal notch resulting from reduced upper thoracic volume and progressive weight loss ([Figure 1](#fig1){ref-type="fig"}). Cases of PPFE for which there is documentation of radiologically normal premorbid lungs are valuable for studying the possible etiological circumstances of the disease, particularly if a history of interval ill health is also available ([Figure 3](#fig3){ref-type="fig"}).

![(*A*) Normal premorbid computed tomography (CT) through the upper lobes 12 months before the patient underwent a Nuss procedure to correct a pectus excavatum deformity. (*B*) CT through the same region scanned 3 years after surgery that was complicated by recurrent postoperative pulmonary infection showing dense asymmetric pleuroparenchymal fibroelastosis. Dramatic reduction of the anteroposterior thoracic distance is accompanied by anatomic distortion, including a change in the relationship between the posterior wall of the trachea and the vertebral body.](AnnalsATS.201902-181CME_f3){#fig3}

Histopathological Examination
=============================

A histopathological diagnosis of PPFE requires demonstration of intraalveolar fibrosis and elastosis (IAFE), ideally with visceral pleural fibrosis ([@bib1]--[@bib3], [@bib27], [@bib30]). The latter may be absent in biopsies because of its patchy distribution ([@bib29]). IAFE comprises dense collagenous fibrosis filling alveolar spaces, with the residual alveolar walls highlighted by elastin deposition ([Figure 4A](#fig4){ref-type="fig"}). These features dominate in the upper lobes and are more readily seen on elastin van Gieson stain, with the alveolar parenchyma sometimes appearing "petrified" by the fibrosis ([Figure 4B](#fig4){ref-type="fig"}). Foci of loose fibroblastic proliferation may be present at the interface between established fibrosis and normal lung parenchyma ([@bib30]). Inflammation is typically mild and nonspecific, but intimal fibrosis may be evident, appearing prominently within the pulmonary vasculature, particularly the pulmonary veins ([Figure 4C](#fig4){ref-type="fig"}). At low power, IAFE commonly appears just deep to the visceral pleura, although it may extend into the deeper parenchyma, typically around interlobular septa and bronchovascular bundles ([Figures 4D and 4E](#fig4){ref-type="fig"}).

![(*A*) Elastic van Gieson staining showing a combination of visceral pleural fibrosis and intraalveolar fibrosis with elastosis (IAFE). IAFE comprising dense collagenous fibrosis fills the alveolar spaces, whereas the residual alveolar walls are highlighted by elastin deposition. (*B*) At higher power, the alveolar parenchyma can appear "petrified" by the fibrosis, its architecture highlighted by abundant elastosis. (*C*) Intimal fibrosis within the pulmonary vasculature, particularly the pulmonary veins, is a common finding in pleuroparenchymal fibroelastosis. (*D* and *E*) Although IAFE predominates in the subpleural lung parenchyma, it may extend into the deeper lung, typically around interlobular septa and bronchovascular bundles, as shown to the right of both panels. Elastic van Gieson staining is shown in *A*, *B*, *C*, and *E*; hematoxylin and eosin staining is shown in *D*.](AnnalsATS.201902-181CME_f4){#fig4}

Foci of granulomatous inflammation may be present in approximately 15% of cases ([@bib27], [@bib30], [@bib53], [@bib54]), although it is unclear whether they represent a coexistent pathology such as HP or infection. Its presence but not that of other histological findings has been associated with better prognosis, possibly by highlighting potential opportunities for targeting an underlying infection ([@bib30]). No features of IAFE have been found to distinguish between iPPFE and secondary PPFE ([@bib17], [@bib55], [@bib56]), although PPFE forming part of the post-transplant RAS typically includes features of obliterative bronchiolitis ([@bib57]).

IAFE with pleural fibrosis in the upper lobes may coexist with a separate pattern of UIP in the lower lobes ([@bib13], [@bib27], [@bib58]). Coexistent HP-like features and myeloperoxidase--antineutrophil cytoplasmic antibody positivity have also been reported ([@bib30], [@bib44]). The importance of obtaining biopsies from at least two sites cannot be overstated, both to achieve a confident diagnosis of PPFE and to ensure that a second histological pattern, especially when the radiological abnormalities extend beyond the upper lobes. Nonsurgical sampling techniques, including bronchoscopic transbronchial cryobiopsies, conventional transbronchial biopsies, and transthoracic core needle biopsies, have been used with varying degrees of success ([@bib44], [@bib47], [@bib59], [@bib60]). In these situations, a conclusive diagnosis of PPFE will be even more reliant on expert multidisciplinary review.

Other patterns of lung injury that may show IAFE-dominant pathology include apical "cap," radiation-induced lung injury, pulmonary paraquat toxicity, and chronic postinjury remodeling due to failure of acute respiratory distress syndrome to resolve. IAFE is readily differentiated from organizing pneumonia, desquamative interstitial pneumonia, lymphoid interstitial pneumonia, and NSIP. Like UIP, IAFE is predominantly subpleural, has sparse inflammation, and may feature fibroblastic proliferation at the interface between normal and abnormal lung. However, it does not incorporate honeycomb change, and its hallmark dense alveolar elastotic framework contrasts against generally more fragmented and less conspicuous elastin deposition in UIP ([@bib61]). Immunohistochemical studies have recently shown that, unlike in UIP, myofibroblasts in PPFE stain positively for podoplanin (D2-40) ([@bib62]). This finding is in accord with a separate observation that lymphatic proliferation is increased in PPFE but not in UIP ([@bib63]).

Pulmonary Function Profile
==========================

The progressive diminution of lung volume in PPFE produces a characteristic restrictive ventilatory defect denoted by decreased forced vital capacity (FVC), decreased total lung capacity (TLC), and increased ratio of forced expiratory volume in 1 second to FVC. Reduced TLC may be accompanied by mild or moderately increased residual volume ([@bib31]). The reasons for this remain unclear but may include inhomogeneous lung emptying or increased end-expiratory air trapping. A subtle mixed ventilatory pattern may also be encountered ([@bib41]). In patients with progressive PPFE, the FVC may follow a rapidly declining trajectory that is comparable to or even greater in magnitude than that of UIP ([@bib10], [@bib35]). A mean annual FVC loss of 300 ml characterized the accelerated progression of disease in patients with PPFE who had specific telomere gene abnormalities ([@bib35]).

Gas transfer factor (synonymous with the diffusing capacity of the lung for carbon monoxide) is decreased in PPFE, usually with preserved or mildly reduced rate of alveolar carbon monoxide uptake. In cases in which the pleural component of PPFE is extensive, the rate of alveolar carbon monoxide uptake may be elevated as a result of extrapulmonary restriction.

Patients with established or progressed PPFE have a predilection for hypoxemic respiratory failure with a typically widened alveolar--arterial gradient due to a reduced arterial oxygen pressure. The arterial carbon monoxide pressure is usually normal or nearly normal but may be increased in late-stage disease, owing to hypoventilation or extrapulmonary restriction, but hypercarbic death in PPFE has not been reported frequently ([@bib41]). Platythorax itself has been suggested as a cause of ventilation--perfusion mismatch, but this too has not been evaluated in detail ([@bib24]).

Natural History and Clinical Outcome
====================================

Amitani and colleagues originally reported PULF as a condition that progressed gradually over 10--20 years ([@bib1]). In a subsequent analysis of 85 patients, including historical cases from the 1960s and later cases specifically labeled as PPFE, a median survival of 11 years was highlighted ([@bib24]). However, a divergence in longitudinal disease behavior is increasingly recognized in acknowledgment of a subgroup of patients who are prone to inexorably advancing disease. This so-called progressive disease phenotype has a typical median survival of less than 5 years and has been described in patients with iPPFE as well as in individuals with additional disease-associated factors.

The progressive PPFE phenotype was initially exemplified by five surgically biopsied patients with iPPFE who died within 2--3 years of diagnosis ([@bib37]). Subsequent to that, two patterns of FVC decline in PPFE were described: one rapid, occurring over 2--6 years, and another that followed a more insidious course ([@bib37]). In another study of iPPFE, one-third of 36 cases progressed from diagnosis to death within 12 months, resulting in a cohort median survival of 24 months ([@bib58]). Rates of decline and survival that were similar to UIP were also observed in a genetic study of progressive ILD in which telomerase gene mutations were identified ([@bib35]). Notably, patients with iPPFE with a Gender-Age-Physiology Index severity score of 2--3 were shown to have a poorer prognosis than those with UIP of similar disease severity ([@bib10], [@bib64]).

Although a number of studies have shown coexistent UIP to be a determinant of worse outcome in PPFE ([@bib28], [@bib58]), others have failed to demonstrate a negative prognostic impact specifically attributable to UIP ([@bib32]). In a small subgroup of patients with UIP listed for lung transplant, the presence of coexistent PPFE based on CT similarly did not correlate with worse survival ([@bib11]). However, PPFE has been shown to be an independent determinant of higher mortality in patients diagnosed with chronic HP ([@bib23]). Current evidence therefore suggests that some patients may be more susceptible to progressive disease, including those with iPPFE, short telomere lengths, and concomitant UIP or HP.

Pneumothorax and pneumomediastinum are frequent complications of PPFE ([@bib1], [@bib2], [@bib27], [@bib37]). Among patients with ILD who are listed for lung transplant, a history of pneumothorax has been shown to be at least three times more common in those with PPFE ([@bib11]). Pneumothorax that fails to resolve despite intervention is also prognostically important in PPFE ([@bib10], [@bib28]). However, the prevalence and clinical significance of pulmonary hypertension in this condition are not known.

Management
==========

No treatment has been shown to be effective in PPFE. Low-dose prednisolone, used empirically, may have useful, although unproven, immunomodulatory effects ([@bib10]). The use of larger doses of corticosteroids or the use of immunosuppressive agents such as azathioprine or methotrexate is usually avoided in view of the heightened risk of infection in these patients. Pirfenidone, an antifibrotic agent, has been used in isolated cases of iPPFE and PPFE occurring in RAS, with varying anecdotal results ([@bib10], [@bib36], [@bib65]; *see also* PIRCLAD trial \[Pirfenidone for Restrictive Chronic Lung Allograft Dysfunction; [www.clinicaltrials.gov](http://www.clinicaltrials.gov) identifier NCT03359863\]). It is also being evaluated in a phase 2 trial of restrictive chronic lung allograft dysfunction ([@bib66]).

Patients with PPFE who are prone to frequent pulmonary infections may benefit from prophylactic antibiotics. Antifungal therapy is usually reserved for those with radiological or microbiological evidence of such infection. Oxygen assessment, nutritional input, psychological support, and pulmonary rehabilitation should ideally form part of the standard of care of PPFE, although the availability of each service will vary geographically. Pneumothorax or pneumomediastinum should be expediently managed in conjunction with interventional radiologists and surgeons. Lung transplant is an option, although extensive pleural thickening can pose technical challenges with explantation of the native lung. Successfully transplanted cases have been reported, including one involving a living donor and a patient who received bilateral lung transplant ([@bib67]--[@bib69]).

Conclusions
===========

The number of reported cases of PPFE has increased considerably in the last 10 years. Commensurate with the role of CT as its commonest detection method, knowledge of the radiological characteristics of PPFE has significantly expanded. Similarly, there is increasing confidence among pathologists in distinguishing the histopathological phenotype of PPFE from other entities with similar features. By closely integrating clinical, radiological, and pathological information, a multidisciplinary approach to its management can minimize misdiagnosis, particularly when the presenting abnormalities are limited in extent. Recent studies have shown that a subgroup of patients has a very poor outcome due to rapid clinical deterioration. The additional realization that those with coexistent PPFE and a separate fibrotic lung disease such as UIP fare badly has similarly important implications for clinical care. The prognostic determinants of PPFE, like its etiological factors, remain ill defined and are the focus of ongoing studies. Above all, finding an effective treatment for PPFE remains a major clinical challenge.

Supplementary Material
======================

###### Supplements

###### Author disclosures

CME will be available for this article at [www.atsjournals.org](http://www.atsjournals.org).

[**[Author disclosures](http://www.atsjournals.org/doi/suppl/10.1513/AnnalsATS.201902-181CME/suppl_file/disclosures.pdf)**]{.ul} are available with the text of this article at [www.atsjournals.org](http://www.atsjournals.org).
